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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a low-cost and 
high-capacity non-aqueous electrolyte battery. 
SOLUTION: The non-aqueous electrolyte secondary 
battery comprises a negative electrode mainly using a 
material capable of storing and releasing at least lithium 
ions or metallic lithium, as a negative electrode active 
material, a separator, a positive electrode and an 
electrolyte. An active material for the positive electrode 
is oxide containing nickel and manganese elements, and 
the percentage contents of the nickel and manganese 
elements are substantially the same. 
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ftbfxiyx^ (pvdf) *3j:tf*yfh77yutpx 

(PTFE) "CfcSo 
[0 0 3 7] IEft<Oftmfrt LTte, «J**tbfc«ft^ 

^fcjiu^i^ft r^u^ — ^A^^x^i^^fflto 
^±vmm&mmm&$:ttrtxi>£\,\ wmt LT 

-5 0 0 mnWt©dSif*U<fflv^J>5o 
[0 0 3 8] (2) 

**wefflv^t,n^ftfttr»t bra, y^-^^, vt 
&«ft^b^tt, *r*fb£«, m 



(9) M2 0 0 2-4 2 8 1 3 
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y^tat}t Li-All^ (#BW1f4 f 0 

0 2, 4 9 2^-ft^) , L i - A 1 -Mn^i L i 
-Al-Mg^M, Li-Al-Sn^l Li- 
Al-In^l Li-Al-CdIM, L i -A 

1 - T e L i - G a (^GPg 6 0-25 
7 0 7 2 , Li-Cd L i - I n 

Li-Pb^t, Li-BilMfcitJ^Li- 

01t%tl±tfc5: t#jfiU\ 

70 [0 0 3 9] &MIB{b^ft <b LTH»»^JR fc 3t 

^7^«m (ifi 
p, n, s, s i c^ctr/B4Cft^^)S^b^fei^^ 

[0 0 4 0] ««fb^fei:LTI±, Wx.tf^X{b^*j3 
J:^3t*^»ftifis*)»f btt, ^MRfbfti: LTIi, 
WxLff^^^BMbft, ^y^^7y8ftfc ^y/fy 
«<bft, ^^-XKfbW, >^v?*>^ttft»*3J:UP«*{b 

tt, w^««fbft\ ffi^y yxVio^^tefb^^vft 

y 3i ^io «t yrtfi/y^ ^<oiti^{b^* 
gfbftiLTfi, Mitfn^i/hfflkft, 
(HS-fb*; =s/^r>^b*, ftittfcit/vy^yl 

fb* ft if* *> »f ^> n 5 o . w ti h (onmmm , m%>& t> 
'^xm^xhSi<* M^immt^&(Dm^, 

K*t*«{b^ttofi^?i^s#ie>ix6. **BHT 
fflVN^K6^*W^¥^)feflil0. 1-6 0 umtm 
40 4 LV\ J: «9#^ L< (10. 5-3 0jumT*fe^ 0 it* 
tSISUl -1 Om z /gTS>5<0jftSjJS Ll^ 0 ts 

mm^^mcomm (doo2) 3 

5-3. 4 0 ATc|47jf^O^ H B a ^(7)A^^ (LC) ^ 
1 0 0 A£Ui0lM&#ff S Lvn 0 
[0 0 4 1 ] #mWfc#\<^X\±, jEffie*»^L i 
*S#LTV^5fc*, L 1 ^^^LftV>^ti»r4 (^mft 
if) *ffl^5:^5t^5 9 *fc", .^OJ:9ftL i &t 
^Lft^Afitf^, (Afttffll OOIMC^ 
L, 0. 0 1 - 1 0 S*S«Sg) <DL i Sr-a^^-^Tfc 
50 <t, i ^S^WftiftS/SL^t) LT^Fffitt 



17 

KL i S: &5lMiT'fcWi#^v/Btft 

[0 0 4 2] ftS^J + ^^Jt LTtt, !R*rffittl» 
MAS, ^yxf-uy^ ^y/nhvy, ^y^K^y 

yi/^-u^^u^ (PTFE) x 7yit¥~ V 7=V 
(PVDF) % ^U^^v^^rfA, fF7^t 

pxf i/y-^f7/u^u^Pt°i/yM^ (FE 
P) , r b77;i/toxf i/y-A 8 -7yM"nT;i/^ 
tf—zu^— r-zu^a^fls (pfa) , 7 5/ftt^llf> 

rf77/Utoxfi/yitI^ (ETFEW , *° 
^noh!l7;^Dxfl/>'.(P-CTFE) % 7yft 

tVy-f h 7 7/^nxf i/>itl^($ s 

^pd h y ^;l/^pai^i/V±bg^f$: (ECTFE) , 

^A^p rcf - l/y*l^*j3±tJ { 7 y it fcf- y 

— 7^^P ^ f/l/t^/Ux-f/l/-r |> 7 7;^oxf 

tt, ^^l/>-y^i/^^xfA, ^D7^ftt^!ifyT 

[0043] Affi<0*Bfti ltw:* 

^\ l-5 0'0/im©t>©#ffSL<fl]t^il5 o IS 



(10) M2 0 0 2-4 2 8 1 3 

W^Wuy^/^'J^, #7-*, KiffftifwSS 

ri\ 0-30li%^L^ B 
[0 0 4 4] *^(r*5t-t-5IEfiifc<):D?flffi^, iEffiffi 

tt*{k*«MSlI«> @ ft if £ *f IT h 

»S*I= ft 1/ ft if Sr^fr r t # T* # h 0 
[0 0 4 5] (3) -fe^U-^ 

t^u-^tim ^ft^^s®***^ pjf^ 

5o *fc, 8 0"C£JL±T?7L*BB*L, SBtfrfctf 5«fE . 
ff^tt, — iKftlCtt, 1 0-3 0 0 M mW«L<ffl^ 

■^BtJBEt^crft^SixSds, —ttWfcua 0 -8 0% 

[0 0 4 6] ( 4 ) #7Kffi»K 

if) *tte>^**«|t5iW, ZtiSkMcm^^bfrZ 
tt, 0iJ^(l, 3if U^*— (EC) , /DtV 

v^-^-h (pc) , y^i/v^-^'-^-h (b 

C) j3j:tflfny>#-#*- h (VC) ftifp»tt* 
— h N v^y^/l/* — aS^— h (DMC) > v^^^ 

;U^7 — (DEC) , ^^l/^^/l/* — h 

(EMC) feitf^Df^^-h (DPC) ft 
if =¥*^^l/ (MF) , Kffi^ 
^/U (MA) , 7 P Pt°t>'8^^ (MP) ^J:t>Vn 
tT^-^Rai^/W (MA) ft if OBgafiK^^^ai^ x 
50 v-^f07^ hy (GBL) 4^ y -7^hy 
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MC, DEC, EMC4^tO#SW*-^~ h Sr^tf 
ft:* * x if h (O h » * L V \ BgliBSl * /UtK i^m^ 

[0047] *fc/ *mw<D®mm<?>fem*±m^* : T 

(DME) , 1, (DEE) ioJ: 

U^h^W b^x^V (EME) fei'O^SJfcn- 

1, 3-^V7^ ^UAT^K, 7th7^K\ 

4 -A, y >-g$h y^rvK h^y^^^, ^ 

T^7t Kp77 y/f^^ — x A-\ 1,3- 

[ 0 0 4 8 ] S y ^ LT 

E\ tfl*.«L iC104, LiBF 4 , LiPFe, LL 

i A 1 C U, LiSbFe. L i S CN, L i C 1 s L 

i CF3SO3, L1CF3CO2, Li (CF3 S 
Oz) 2, L i A s Fe, LiN (CF3SO2) 2, LiB 
1 0 C 1 1 0 (ftMHS 57-74974 «^«) , ffi«MgJl* 
Bl^^^KV^^^ MBS6 0~4 1 7 7 3^ 
I) , LiCK LiBr.Li I Of* EBBS 60-24 

7 2 6 5^S) ^on^^'Jf^. 0frfflBg6 1 
- 1 6 5 9 5 7 , 7 ^ rwu* ^S»f^ 

(WBBBB 61-214376 *^#) , LiN (CF3 

5 O2) (C2F5SO2) , LiN (CF3SO2) 2 , L 

i N (C2F5SO2) 2, LiN (CF3SO2) (C4F9 
SO2) t£2<D<1% KSS:&»f5^i:^-C.t5 0 

[0 0 4 9] **W^i3V^"Cl*f^* U*#*«#« 
&'J>tt< kbtt. yf y^tLTL i PFe^tp 

XL i P FeJ^cDL i BF4 t L i N (C2F5SO2) 2 



(11) «2 0 0 2-4 2 8 1 3 

Sift/ft I 0. 2 — 2mo 1/y y hA^Sf* LV\ 
0. 5-1. 5mo 1/y 5/ F^Tfc^cO^J: 9 

1 - 1 6 1 6 7 3 , L° d -/k 3-59 

9 6 3 , X- y V (WMIHflS 6 0 - 7 9 6 7 7 ?- 

, tyt^-v-fr^ try^, hyxf;i/7t 

s*^ *i¥9 - 2 0 4 9 3 2^«) ^^(D^mmm 
•8'7X7 4fl'$, ^mMtt^co-k^u—z^ 

[0 0 5 0] ««*S:^jKttfr-r5fc»^, 
■CSSo Stated o¥©J;5ftl*t)Bltffl 

j9lfelltV^ 0 ^^T*k Li4Si04, Li4Si04 
-Lil-LiOH, xLi3P04- (1 -x) L 14 
S i CM, L izS i S3; L 13PO4- Li2S — SiS 

2, *{by^b**ftir##«i-e*s 0 *r«@#«#sc 

y l/y^;l/7 ^ h\ ;t°y fcrnyUT^ = — /K ^'J7 

yjkt:^ y 7^, /f y^t7/^tD/D t B i/>-^^ 

yr^y^y, ^y xfu^;u7 ^ k\ ^ 0 yb o xi^r 
t^yfyt^t7WP7 9 p 

y 7 yfktr^y fVi^y ^f^^w k<e>S£* 
[0 0 5 1 ] ti^t'Ltit 3>r>S!, 



-11- 



(12) 
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X, ±^ffl^bix5. aflf^ffitt, -ttWft^ifeSrfflV^ 
5C<trt s "Ct5 0 y/<— *q— ^i/^ 

^ v^a >-ife^jif4L^ 0 ^f±, 0. 1-100 

x#5 0 ^fins, itB-foisi^-ctpisaKii^tft <tv\, 

* go iS^ # ^#JS Sr.* tf USB ^^M^iiX^ 
^ a ^ ty^ffiA^o j: u% a k M ^ s ftKrote , & 

B^fis K7-Y«<0Ett$frfc#«T\ 1-20 0 0^ 
[0 0 5 2] h^v— hcoe«4fcJiBl3lc*i5fet 

S6„ sua, k^, *^» v a*^i», s^j&fc 

#*Lv\ ififf«:8 0-3 5 0 < Ccd®H^^l< , # 

iz. 1 0 0-2 5 owismwi $tksh, 

iff^2 0 0 0 p pm£JLT* s #4 t< , jEffi^Sh Jlffi 
^tiSt^^tlfil5 OOp pmHTWS:^ 

JEtt, #KIBS£fr&V^ 0. 2-3t/cm 2 «f 

* i/yy-y u^s^y i/^isn, 0. 1 — 

II, 0. 9-1. 0. 9 5-1. 

£ 4£«3S £ .9 £ 4 5 fc 46 . IS £ X £ ft ^ 
"CIS, 4*5, **Wfc*3tt5«ffi<0*|H]fttt, &1* L 

I 0 0 5 3] 

-12- 
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ixfcS«»i 4^ii^^ 1 lrt^jRjrtSjxri^o 

l-LT, jESfi^tttjESy- Kl 5^3ltffi£ftXM 
^ttS^tbTS*-^-^ 1 l <Dj£S|H£fttt$*iXV*5o ffl 

y4r/K f^^, ^Di^, ^Uyfv, 18, T/i^^ 

Lfct©, lEffiy- Kiir^^^iN, ftffiy-Ktt= 
[0054] w»i 4<D±Tma*zti?timmv > 

\fs T&M9EBb±M? k LX , t^-X, P 
^-^©rtJE±#05^*t UX, *f£9Ji£4:A 
y-K«t^)9IBf*iSfe«:fi]ffl^5^t^Xt5 0 *fc, 

[0 0 5 5] i§^m^fmt LX, S*rtlE©Ji# 

©ti:*4t5l ^^X^5 0 rtJBE*±Jf 5{b^*2: L 
XllLi2C03, LiHC03, Na2C03, N a HC 
O3, C a.C03*5j;-tJfMg COsft £<DKBftttftif#& 

ft, 1^— !f — *«* *: tt/B**»«ft if) *rfflv^5c'fc 
^X$5o 4fc, ttPfflv'— A-ftUl, TX7 T ;whftif 

ofiejK * *e>*o h tix ^ a it^m^&^m & jh t * 5 r t a* 

X#5 0 iEffitgft, HTwipl^BLfc. *^P^^IE 

sftsp t fetfflo/K y ^ y<t y 5 fi^a^ 

£itX-X7 y = i>^J6^?>45jEttJi« 
[0 0 5 6] A&fitt. RM*f»t±»»tL v rix 

0 : 5^a^Xfi^bfct^*«J69Sffi^#, K 
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[ 0 0 5 7 ] :H^Ift^l0 0mA(DSIS"C\ 4 
f 4. 2V(:/^^mifdi lOOmAc^fifi 



24 



70 



^ifiUlAt Lfc 0 *«©»Ttt«*ffl:* s 5 OmAC 
iSLfcit t Lfc 0 S[lfi3 0 0niA^lMit 

2. 5vtt«Lt z<Dtzmbfatctkmmm&, 

t S 1- 5 B#ffl^ft«©«5lMS ( 0 . 2 C ) t0. 5 H#B5 
*ttS©«jfE« (2C) X^tl^tUDfkm^m&mfe 
U 0, 2 C / 2 COgiJt$T*lfct)OTfc5 0 IS 

aftlWti i ctit-c 2 ot-ettiLfc** t - 1 o 

, CT»»Lt»^©»m$»H:* (- iO°C/2 0t) 

[0 0 5 8] 
[*2] 





(mAh) 










L i N i i-<Mn»0 2 


15 8 0 


9 5 


7 0 


9 0 




L i CoOj 


15 0 0 


9 2 


5 0 


8 5 



[0 0 5 9] * 2 9. tt»Lfci-^T^^S 

[ 0 0 6 0] ««»H2isJ:tJKJttt«2»'±a©J:5 

-'Jf> (PVDF) fcT^yffc^n tfU^ (HFP) 
w^«jftj|SS:^/Hkpr«B&P VDF ■ HF P£*° 

^mul t^mmm^t±ij *m x_z>zt xmm t^^< 

l/-^^PVDF • HF PTtfy 
[ 0 0 6 1 ] «im«rtt«U'Jt£-C«Sr£ 



y v-*^K#i^H^Wt:-r5o y^Wb©ife#fi8 o°c 
~9 0°cr\ i-3mmxhz> 0 *fc, *J3c«t#^» 

5 0mA(7)£tSX\ *T4. 2 V £4 5* Lfc 

[0 0 6 2] *1"3ctt*. 4. 2V(D^t]±JlT^ 
IjEliSOOmAHfc, JI*TitlSf^2 0m 
AtlLtitilfc. »m{l 10 0 mA<Dj£m$t1jkm 
X2. 5V4-C»«Lfc 0 r©t 

[ 0 0 6 3 ] 
[S3] 
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(mAh) 


J¥#*fc (mm) 


m&mt (mm) 




L i N i j x M n * O 2 


8 5 0 


0 . 0 4 


0 0 8 




L i C 0 O 2 


8 2 0 


0 . 15 


0. 4 



[ 0 0 6 4] ^3 i 9 W^^^i^*SffiiWoIEffi^ffl^^ 
r t "C «?feJ5^ 3E< b £ W ffl IT Z> Z k # # 6 0 

[0 0 6 5] «H{fe#iJ 3 : L i N i Oz^ 

L i M n O 2 Hl^fettt^ * *Ui if »"C fc £ t (1^ 

hmm^tet'itazm^mm&i-zzkicte 

&o — y fr^jzM k >-^>-7£^flSi/^-S^ o fcltT- 
fcjE«Lfcaa5c*©«^*iSi:tti:ffffiS:iB^-r. ^ 

^«aHt*#^--C#5„ ztifts DV- x a*^^(0ft 

&t5^ irtD^ y <y h-C*)5o Hifii^Jt LX, x = 0. 
3-0. 7*t?OW-Cw0^ffiSftSr*Bi"5fc«>^, 

8 ^^SyiilXSJ^Lfco 
[ 0 0 6 6 ] 
[*4] 



X 


(2C/0. 2C, 2 Ot) 


0 ; 3 


7 1 


0 . 4 


9 2 


0 . 5 


9 5 


0 . 6 


9 1 


0 . 7 


6 5 



[0 0 6 7] i4j;^ xOfl/^o. Sfrb-fin&k^ 

4 u-hmmmmTi-z>zk&t>fr& 0 -tosi 

^^Srfi^tS ^ t-l^ J: otftttffit 1 0 OmVil 
±#"f5 0 LiNiO2 0l^4VT*LiMnO2^)i 

oxti^tibixSo l*»u 1 : 1 xmmzittzm 

^teL i N i.Oi<DMtmm$Ll: V S ^Cl O OmVUf 

com&tx-o. 5<BRS***fcfliS<, dftj&afe-fjxsr 



[0 0 6 8] mm.WU : UfbCDgfcm L i N i O2 
<fta-e»*4r|ltLTN i O^jtJc^ixSo z<DZk&, 

[0 0 6 9] 
[^5] 



20 



X 


D S CMl£<D 1 s t 


0 . 3 


1 8 0 


0 . 4 


2 2 0 


0 5 


2 2 8 


0.6 


2 2 2 


0 . 7 


19 0 



[0 0 7 0]«5^, x = 0. 5 (Omtfi^M&ifim 
^Zktft>ti*Z>o ZtllZ, x = 0. SCDtt^tffi-tL 
Tfttf»M^$^T*fc5w"tfr^L-CV^ 0 4fc, x = 
0. S^O-fftte, 1 0%^!^<D|SSXfoO, 

-y$*-h<Dfcm&l : l^^^U-. LiPFs* 
40 [0 0 7 1 ] 

[Hfficoffi^ftf^P^] 

[01] *#8W^feV^r*itffi^±!9jElSS»KS:Bi£ 

[0 2] *»Wtte^TfP»LfciE«gftfttt^o*B 
S EM ¥Kxfe6 0 
50 [H3] ^WKjsv^Tf^BLfciESiSftKtt^oKffi 
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[04] *«W»-*3^r*itft*cJ:0jE«g*|t«r«J» 
r 5 fc * i-ffl ^ 5 %\(d ^«&0 -c fe s o 

[0 6] &&j£x-mf&Ltk£{z&ibiriti}) s ?VJ*tt 

=-yST?v^is is^mvcm <o x %m mm -c &> 6 0 

[[18] *^^fc^T|lES8L7ty^^A^^5/^U 

[09] *S;S;a-&j!SE^«fe4fctt#itft"CS!{jg Ltzm*<D 
[0io] esia^«iriiife4fcHt#a:fe-e»J6Lfc*t«- 

[011] EffifSil^MfiSl- J: o t ^ ftt 6 3 ^ 

^M«?fe w jft jssffi # - y Sr^-ria t- fe s B 
[mi 2] mmm^w<Dx^mvr(o^^7r:-rmxh 

[ni 3] ^mmmw^^w^mt^^-rmxh 

[HI 14] iESJ5*Roalitei3J:tfc|ftftA»fcfr»S 



28 



10 



20 



[g] 1 5] L i C o O2 (a) fci^LiNiOz (b) 
[116] LiNii/2Mni/2 02 (c) ^iOliM 

n02 (d) <Dtkm%—7&^irmxfo%o 

[HIl 7] L i N i i/2Mm/2 02'©M*-ySr^t 

[mi s] *^ffi^j^^vNTf^»LfcRias«a^ate 

[fftoRB] 



l 

2 
3 
4 
5 
6 
7 

1 1 

1 2 
1 3 
1 4 
1 5 
1 6 
1 7 



imi] 



[04] 



Jim i^*4 

o o 




/K*4 o- 



n 



3 



4 

4 



±26* 
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(16) 



#12 0 0 2 



[H2]- 




BX3K 



■ X30K 



[0 3] 




<mm> 
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[H6] 



[09] 



550°C in air 



750° C in air 
a = 2.889 A, c = 14.260 A 




10 20 30 40 50 60 70 80 90 100 
29 / deg (Cu Ka ) 



(a) 
850°C 



850° C in air 
a = 2.889 A, c = 14.269 A 

aJL__^_ . (b) 

lOOttC in air 
a = 2.892 A, c = 14.301 A 

— * * /Lu 



I . L 





■ ■ » — ■ i i » ■ i . i . i 



10 20 30 40 50 60 70 80 90 100 
26 / deg (Cu K J 
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ims] 




mi 7} 



5 I 1 1 -t 1 1 r 




2 I , i , _i . 1 — -J 

0 50 100 150 ZOO 

Q / mAh-g" 1 
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[BIO] 



[Hill 



( a ) 0 
1000 C 



Heated at IQOffCfor 15hrs 




(fa) 
1000°C 



-AX 



10 20 30 40 50 60 70 80 90 100 
29 / deg (Cu Ka ) 



(a) G 




200 



Q / mAh-g" 1 



(b}6 



, j r- r 


* 1 


,1.1 


1 . ' 



50 100 150 

Q / mAh-g" 1 



200 
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imi 2] 



55" 



_ ^a = 2.892 A,c = 14.301 A 



(a)— ; W_J^ ■ - ■ 

I 50 mAh g 

| I a=2.&74A,c = 14348A 

( b j — J*^£^__JjlJLa. L-JL* — — * — 

1 J? 7 wwwAh-o 1 



tel- 



le) 



a = 2.*<tf4c = 74.570/f 

^ " M-U: 

ISOmAhg 292 

* = Z#59 i,c= 24.425 /f _ 



157 mAh g 1 -< 2 - 88 " 
d=Z836A,c = 14.479 A 



ISOmAhg' 284 
a = 2.852 A, c = 14.418 A 

i. - u *- — i A 

200 mAhg 1 



200 mAh g 

I a = 2.837 A, c = 14.325 A 

Al_jl ^ a .^a a i r „ 

i ■ i ■ ' , ■ I .i.i i ! i I i ! i I 

20 30 40 50 60 70 80 90 100 
20 / deg (Cu Ka > 



[013] 




Q / mAh-g" 1 



[014] 



150 



200 



250 




250 



Q / mAh-g 



-1 
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[015] [H6] 
la) (c) 
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[118] 




-7u> h^<-*J<Dm% 

F^-A(#%) 4G048 AA04 AB01 AB02 AC06 AD04 
AD06 AE05 

5H029 AJ03 AK03 AL01 AL06 AL12 
AL15 AL16 AM03 AM04 AM05 
AM07 DJ16 DJ17 HJ02 HJ04 
HJ05 HJ13 HJ14 

5H050 AA08 BA16 BA17 CA08 CA09 
CB01 CB07 CB12 CB19 CB20 
FA17 FA19 HA02 HA04 HA05 
HA13 HAH 
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